Introduction
============

Cyclophophamide is an alkylating agent used extensively in the treatment of malignant and rheumatological diseases. Its side effects include bone marrow depression, infection, alopecia, sterility, bladder malignancy, and hemorrhagic cystitis[@B1]. However, it is less well known that intravenous cyclophosphamide reduces the kidney\'s ability to excrete water. Since forced hydration is used routinely to prevent hemorrhagic cystitis, treated patients may retain water, and rapidly develop severe hyponatremia[@B2].

Severe hyponatremia was previously reported in patients treated with high-dose (30-40 mg/kg)[@B3]-[@B6] and moderate-dose (20-30 mg/kg)[@B7] intravenous cyclophosphamide. However, there have been only 5 cases in which severe hyponatremia was reported from low-dose intravenous pulse cyclophosphamide therapy[@B1], [@B8], [@B9]. Here we report another case of water intoxication following low-dose intravenous cyclophosphamide.

Case Report
===========

A 27-year-old woman was diagnosed at a local hospital one year ago as systemic lupus erythematosus (SLE) presenting with arthritis of both hands and knees, serositis (pericarditis and pleuritis), and positive tests for anti-nuclear antibody and anti-double stranded DNA antibodies. At the same time, she was found to be hypertensive. Her SLE was initially treated with oral methylprednisone 48 mg per day, and anti-hypertensive drugs (propranolol, irbesartan and nifedipine) were given.

She visited us for further evaluation complaining of general weakness and lower extremities edema. At admission her blood pressure was well controlled (110/70 mmHg). Laboratory studies showed the followings: hemoglobin 6.9 g/dL, platelet 170,000/mm^3^, WBC count 5,600/mm^3^, blood urea nitrogen 47 mg/dL, serum creatinine 1.1 mg/dL, serum sodium concentration 136 mEq/L, serum potassium 4.6 mEq/L, serum chloride 104 mEq/L, serum total CO~2~ 19.3 mEq/L, serum albumin 3.6 g/dL, serum protein 5.7 g/dL, and serum cholesterol 232 mg/dL. Positive antinuclear and anti-double stranded DNA antibodies were confirmed, and serum complement levels were lowered (C3 46.8 mg/dL, C4 9.2 mg/mL, CH50 6.4 Units/mL). Thyroid function test was normal (TSH 1.06 uIU/mL, free T4 1.05 ng/dL), and serum cortisol level was normal. Urinalysis showed that specific gravity 1.025; pH 6.0; protein 2+; occult blood 3+; WBC 0-1/HPF; and RBC 20-29/HPF. The amount of proteinuria collected from 24-h urine was 1.3 g.

Percutaneous renal biopsy was carried out and revealed WHO class III focal segmental endocapillary proliferative lupus neprhitis with an associated subendothelial deposit ([Fig. 1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}). NIH activity index was 9/24, and chronicity index was 3/12. Although she was treated with prednisolone 50 mg per day and hydroxychloroquine 200 mg per day for three weeks, proteinuria persistently increased to 2.5 g/day.

On the twenty-second hospital day, she received a single intravenous cyclophosphamide 700 mg (14.8 mg/kg). Just before the low-dose intravenous pulse cyclophosphamide therapy, her blood pressure was 120/70 mmHg and laboratory findings were stable as follows: serum sodium concentration 135 mEq/L, serum potassium 5.1 mEq/L, serum chloride 96 mEq/L, blood urea nitrogen 28 mg/dL, and serum creatinine 0.8 mg/dL. To minimize the risk of hemorrhagic cystitis, half-saline was infused at a rate of 150 mL/h for 2 hours each before and after cyclophosphamide administration. Additionally she was advised to drink at least 2 L over the next 24 hours.

Five hours after the intravenous cyclophosphamide administration, nausea, vomiting and general weakness were suddenly developed. Her blood pressure was increased to 160/110 mmHg, and she was physically euvolemic and had no lateralizing sign. Emergency laboratory findings were serum sodium concentration 114 mEq/L, serum urea nitrogen 30 mg/dL, serum creatinine 0.8 mg/dL, serum osmolality 232 mOsm/kg H~2~O, urine osmolality 487 mOsm/kg H~2~O, urine sodium 121 mEq/L, urine potassium 44.4 mEq/L, and urine chloride 141 mEq/L. Because her hyponatremia was acute and symptomatic, she was treated with intravenous infusion of 3% NaCl solution at a rate of 30 mL/h for 11 hours. Then, with water restriction only, her serum sodium concentration gradually increased to 123 mEq/L and 128 mEq/L after 24 and 36 hours, respectively. It reached normal level in 5 days after the cyclophosphamide administration ([Fig. 4](#F4){ref-type="fig"}).

Two days later, another episode of severe hyponatremia occurred when she temporarily went out of the hospital for a day. At home she happened to have a lot of water, and then nausea was developed again. When she was back to the hospital, her serum sodium concentration was 117 mEq/L. She was treated with water restriction and oral furosemide 20 mg twice a day. Her hyponatremia was gradually recovered to the normal level (136 mEq/L) over the next 4 days. She was discharged with oral medications of prednisolone 50 mg per day, azathioprine 25 mg per day and hydroxychloroquine 200 mg per day but without any further plans of intravenous cyclophosphamide.

Discussion
==========

It has been clearly demonstrated that cyclophosphamide transiently impairs the kidney\'s ability to dilute the urine[@B3], [@B5]-[@B7]. In this case we suspected intravenous cyclophosphamide as the cause of severe hyponatremia since no other causes could be found. Disease predisposing to water retention such as renal failure, hypothyroidism and adrenal insufficiency were not present. Besides, our patient had no evidence of congestive heart failure, liver cirrhosis, pulmonary disease or neurologic abnormalities. Prior to treatment with cyclophosphamide, she had normal serum electrolytes and no symptoms of nausea and vomiting.

Our case has common features with other reports in which hyponatremia was induced by intravenous cyclophosphamide. In all reports of cyclophosphamide-induced water intoxication, the drug was given intravenously. Hyponatremia usually occurs 4-12 hours after the administration of cyclophosphamide, although sometimes not until 48 hours afterwards, and returns to normal in around 24 hours. The antidiuretic effect seems to be related to the appearance of an active alkylating metabolite of cyclophosphamide[@B9].

Interestingly, our patient had another episode of severe hyponatremia in 7 days after the administration of cyclophosphamide. It is not very clear whether this was caused by the initial dose of the drug because the half-life of cyclophosphamide in the blood has been estimated to be 6-7 hours[@B10], [@B11]. However, the maximum antidiuretic effect occurs later, 10-14 hours after the drug administration, and the pharmacodynamic profile might be prolonged with the pulse therapy. The general advice to patients to drink 2-3 L of water following intravenous cyclophosphamide to reduce the risk of hemorrhagic cystitis should contribute to water intoxication.

The mechanism by which the active form of cyclophosphamide exerts an effect on urine concentrating ability has not been determined. Harlow et al.[@B4] suggested a syndrome of inappropiate antidiuretic hormone secretion (SIADH). This hypothesis is corroborated by the postmortem examination performed on one patient who had received high-dose cyclophosphamide, demonstrating loss of Herring\'s bodies and degranulation of various hypothalamic neurosecretory organelles. This metabolite could act indirectly by causing ADH release and this has been demonstrated with ifosfamide, a close structural analogue to cyclophosphamide[@B12]. However, other studies have shown that monitored serum ADH levels have not altered significantly during treatment with cyclophosphamide [@B13]. Therefore, although the clinical picture of cyclophosphamide-induced hyponatremia is typical of SIADH, this term is a misnomer. De Fronzo et al.[@B6] believed that the occurrence of antidiuresis without altered glomerular filtration rate or urine sodium excretion is best explained by a direct effect of an alkylating metabolite of cyclophosphamide on the kidney resulting in enhanced permeability of the distal tubules to water. Further evidence of the possible site of interaction between cyclophosphamide and ADH comes from hypopituitary patients treated with cyclophosphamide who still develop water intoxication[@B14].

In brief, we need to be aware of the potentially life-threatening complication of water intoxication when even low-dose intravenous pulse cyclophosphamide is applied to the treatment of lupus nephritis. It is recommended to check renal function, electrolytes, serum albumin and full blood count on the day of intravenous cyclophosphamide and to advise patients to drink just 1L of fluid over and above their usual fluid intake in the following 24 hours[@B9]. Care is taken to explain that rapid consumption of large fluid volumes should be avoided. In patients with significant renal impairment, severe hypoalbuminemia or tubulo-interstitial damage on renal biopsy, furosemide at the time of intravenous cyclophosphamide therapy may be considered[@B15].

![Lighg microscopy finding of the renal biopsy, compatible with lupus nephritis class III(A). Note moderately segmental endocapillary cell proliferation and infiltration of neutrophils and lymphocytes with some karyorrhetic bodies. The glomerular capillary walls are segmentally thickened and narrowed by large subendothelial fuchsinophilic deposits to form \'wire loop\' lesion and hyaline thrombi in some lumina. There are moderate tubular atrophy, focal interstitial fibrosis and scattered lymphocytes.](ebp-5-50-g001){#F1}

![Immumofluorescence microscopy finding. Segementally positive stainings for IgG and C3 are conspicuous, and staining for IgA in the mesangium and along the glomerular capillary wall is weak, compatible with lupus nephritis class III.](ebp-5-50-g002){#F2}

![Electron microscopy findings. Left : Endocapillary proliferation with double contour of glomerular basement membrane is shown along with mesangial electron dense deposits, Right: There are small subendothelial (arrow), and scattered subepithelial deposits. Below: Note large electron dense deposits in Intertubular capillary basement membranes.](ebp-5-50-g003){#F3}

![Time course of serum sodium concentration following intravenous cyclophosphamide. A) Intravenous pulse cyclophosphamide, B) The first episode of hyponatremia, C) The second episode of hyponatremia.](ebp-5-50-g004){#F4}
